An endophyte is a microorganism, usually bacterium or fungus, which lives within the internal tissue of a host plant, causing no apparent harm. Some characteristics of an endophyte include ability to promote plant growth and to confer plant tolerance to biotic and abiotic stresses. Endophytic bacteria spread across many phyla including the Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria. Endophytic bacteria are recruited by hosts and they get attached to the surface and eventually find their way into the internal tissues where they spread to the intercellular spaces of host plants. These bacteria have been isolated and characterized from different plants. Currently, culture-independent methods such as sequencing of the 16S rRNA gene or metalogenomics are used for identification and characterization of endophytes. The mechanisms by which the endophyte-induced plant protection is brought about can be through direct and/or indirect methods. The direct strategy antagonizes phytopathogens by the production of chemical substances while the indirect mechanisms improve resistance of hosts to pathogens. Global gene expression studies on some common endophytic bacteria implicated these direct and indirect strategies of bacterial-induced protection. More research should be geared towards how the economic importance of endophytic bacteria could be utilized to enhance global food security.
Introduction
The word "endophyte" is derived from two Greek words, "endon" which means within, and "phyton" meaning plant (Kandel et al., 2017 ). An endophyte is a microorganism, mainly fungus or bacterium that lives inside plant's tissue and does no apparent harm to its host (Gao et al., 2010; Tamosiune et al., 2017; Lata et al., 2018) . Some microbes may be currently considered endophytic, but this designation may be changed if they are subsequently shown to be harmful to a plant host (Cocq et al., 2017) . According to Hardoim et al. (2015) endophytes are microbes including bacteria, archaea, fungi, and protists that colonize the plant interior regardless of the outcome of the association. An organism is considered an endophyte by possessing certain common characteristics which include living inside a host plant, may possess ability to promote plant growth by synthesizing plant hormones such as indole-3-acetic acid (Bastian et al., 1998; Gaiero et al., 2013) , solubilize phosphate, secrete siderophores, and confers plant tolerance to biotic and abiotic stresses (Shittu et al., 2009; Rybakova et al., 2016) . In addition, some bacterial endophytes have the ability to fix atmospheric nitrogen (Santi et al., 2013) . However, by their activities in the host, endophytes have created much interest in research geared towards how such organisms could be utilized to enhance global food security and for health and industrial uses. Generally speaking, most plants contain one or more endophytes at some point in their life span. It is noteworthy that, of the nearly 3,000,000 plant species that exist on the earth, each individual plant is the host to one or more endophytes (Strobel et al., 2004) . Pathogenic microorganisms after a long period of coevolution with the host plant reach an equilibrium during which they become endophytic; a once pathogenic association between plants and microorganisms can become mutualistic (Xu et al., 2014) .
Colonization of host by endophyte when visualized with the use of the b-glucuronidase (GUS) reporter system in rice (Oryza sativa L.) showed high colonization on coleoptiles, lateral roots, and also at some of the junctions of the main and lateral roots (James et al., 2002; Ryan et al., 2008) indicating that endophytes entered the roots through cracks at the point of lateral root emergence and the endophyte subsequently colonized the root intercellular root surface of the host plants. Studies such as the one carried out by Balsanelli and coworkers (2013) implicated exo-polysaccharides (EPS) synthesized by bacterial cells may facilitate the way in which the bacterial cells get attached onto the root surface (rhizoplane). The endophytes explore the potential entry sites to access the internal plant tissue. The main entry sites through which endophytic bacteria enter the internal plant tissues of host plants include areas where root hairs or lateral roots emerged, root apex, stomata or other openings caused by wounds or mechanical injuries as well as hydathodes in the shoots (Hardoim et al., 2015) . Researches have also shown that some bacterial endophytes may affect host cell wall by the secretion of cellulolytic enzymes such as pectinase, xylanase and endoglucanase to facilitate easy entry and spread within the plant tissues (Compant et al., 2005; Piromyou et al., 2015) . Once inside the host plant, their spread in the root cortex and vascular tissues of host follow, where they occupy the intercellular spaces in the plant because of the abundance of organic and inorganic nutrients in these areas. It has been observed that colonization can be localized at the tissue level or spread systemically throughout the plant body (Glassner, 2017) .
Molecular Identification and Characterization of Endophytic Bacteria Associated With Plants
For research purpose and other applications, endophytic bacteria have been isolated and characterized from different plants and plant -parts. There have been reports on isolation from leaf and root of Eichornia crassipes [Mart.] Solms. (Gherbawy and Hassan, 2012) and root nodules (Tariq et al., 2014) . Bacterial endophytes such as species of Burkholderia, Methylobacterium, Sphingomonas, and Pantoea have been isolated from grape plants. Members of the phyla Proteobacteria, Actinobacteria, Verrucomicrobia and Acidobacteria have been isolated from tomato (Solanum lycopersicum L.) leaves (Romero et al., 2014) . Also, Bacillus, Delftia, Methylobacterium, Microbacterium, Paenibacillus, Staphylococcus and Stenotrophomonas have been reported to be isolated from bean (Phaseolus vulgaris) leaves (Costa et al., 2012) .
Conventionally, plant part is first washed, surface sterilized and rinsed with sterile double distilled water. The plant part is cut into small pieces, aseptically transferred onto an appropriate growth medium and the culture is incubated at optimal temperature. Bacterial colonies appear after 24 hour and the colonies are sub-cultured individually onto fresh growth media to obtain pure cultures of the isolates. A preliminary phenotypic identification is carried out (Cullimore, 2000) which is followed by biochemical characterization for separating isolates into morphotypes.
In recent times, culture-independent methods are now used to identify and characterize many endophytes. These approaches include sequencing of the 16S rRNA gene (for endophytic bacteria), the internal transcribed spacer regions, ITS1 and ITS2 (for endophytic fungi), or through whole genome sequencing of endophyte communities (metagenomics) (Turner et al., 2013; Sessitsch et al., 2013) . Using this approach, genomic DNA is isolated from a pure culture of an endophytic bacterium. The nucleic acid extraction can be carried out by the use of either an efficient and well-optimized laboratory protocol or bacterial DNA spaces, and cortical cells, with a few penetrating the stele to enter the vascular tissue.
Endophytes are associated with various tissues and organs of terrestrial and some aquatic plants (Gao et al., 2010) . Although endophytes can occur in different parts of a plant, they are usually concentrated in the root (Miliute et al., 2015) . The population density of endophytic bacteria range from 10 2 to 10 9 and depends on many factors, including the plant being studied, the part under analysis, the developmental stage of the plant, the plant cultivar and the interaction with other organisms, as well as other environment-related factors (Costa et al., 2012) . Soil conditions (texture, salinity and moisture) are important in the performance of endophytes. It has been suggested that endophytes have specific conditions in which they function optimally. Therefore, the geographical location of the plant is important for commercial use of endophytes. Endophytes could be obligate, facultative or passive depending on if they require plant tissue to live and reproduce. Obligate endophytic bacteria are derived from seeds and cannot survive in soils. Facultative endophytic bacteria widely exist in soil and rhizosphere; they carry out colonization and infection when conditions are suitable. Endophytic bacteria spread across many phyla, which include the Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria (Hardoim et al., 2015; Wemheuer et al., 2017) . Some specific species include Burkholderia phytofirmans, Populus deltoids, Dactylis glomerata, Festuca rubra, Herbaspirillum sp., Lolium perenne, Klebsiella sp., Gluconacetobacter diazotrophicus, Azoarcus sp., Pseudomonas sp. and Klebsiella variicola.
How Endophytic Bacteria Colonize Host Plants
The term endophytic colonization refers to the way in which endophyte populations enter, grow and multiply within the host plant (Kandel et al., 2017) . The source of endophytic colonization ranges from transmission via seeds and vegetative planting material to entrance from the surrounding environment such as the rhizosphere and phyllosphere (Lata et al., 2018) . The way in which endophytic bacteria colonize their host plants is systemic. According to the account given by Kandel et al. (2017) , it starts from the recruitment of the endophytic bacteria by the host plant. This recruitment procedure is brought about by the release of some exudates such as amino acids, proteins and organic acids from the roots of the host. These exudates play vital roles in the recruitment process by influencing the microbial communities in the rhizosphere, facilitating communication between the host plant and endophytic bacteria (Kawasaki et al., 2016) . There have been several reports on positive correlation of root exudates such as oxalate with increased endophytic bacterial recruitment (Kawasaki et al., 2016; Pétriacq et al., 2017) . There are several factors affecting recruitment process of endophytic bacteria by host plants. Some of these factors include bacterial quorum sensing compounds, native soil composition, environmental conditions such as soil nutrition, moisture, temperature, host genotype and age (Zúñiga et al., 2013) .
Once the bacterial endophytes are recruited, they swim approximately the root exudates and are attached to the 168 extraction kits, following the manufacturer's instructions. A specific DNA sequence in the bacterial genome, 16S ribosomal RNA (rRNA) gene, which is relatively short, that is often conserved within a species, and generally different between species is usually targeted in a polymerase chain reaction (PCR) amplification. The 16S ribosomal RNA, a component of the 30S small subunit of all prokaryotic ribosomes has become the segment of choice because it is highly conserved between different species of bacteria and, as such, it is usually used in phylogenetic studies (Cole et al., 2003) . Also, the 16S rRNA gene sequences contain hypervariable regions that can provide species specific signature sequences, which has made it useful for bacterial identification (Smit et al., 2007) .
For molecular identification, there are different strategies used. Bacterial universal primers are designed to target the 16S region of the rRNA gene and synthesized. The primer pair is used for PCR amplification with the endophytic bacterial genomic DNA as template. The PCR amplified fragment is purified and sequenced. The nucleotide sequence is compared with consensus sequence data from public databases such as the National Center for Biotechnology Information (NCBI) or European Nucleotide Archive (ENA) by using the BLAST N sequence match routine. The best hit usually reveals the identity of the isolate. This molecular identification procedure is so powerful that it could be used to reveal the identity of a bacterial isolate up to the sub species level. The second strategy involves designing a pair of species-specific primers, which are used for a PCR amplification of the nucleic acid isolated from test endophytic bacterial isolate. Appearance of a band on the gel electrophoresis indicates that the isolate is the species for which the primers were designed. This method of molecular identification is often used more or less for a confirmatory purpose.
Plant Protection Induced by Endophytic Bacteria
Plants in their natural or artificial environments are often faced with different stresses, which are broadly classified into biotic and abiotic (non-biotic) stresses. Biotic stress is due to living organisms usually pathogens or competitors that compete for growth factors such as nutrients, space and water. Common sources of biotic stress are fungi, nematodes, viruses, insects and bacteria. Abiotic stress refers to those non-biological factors such as environmental and chemical that may lead to decrease in plant productivity. The abiotic stress from which plants may suffer include drought, temperature extremities, acidic or alkaline pH conditions, heavy metal contamination, extreme salinity levels and nutrient deficiency. Biotic and non-biotic stresses can lead to huge economic losses occasioned by crop damage if plants are not protected against them. Research has indicated that endophytes offer great protection against these stresses.
Bacterial Endophyte-Induced Plant Protection against Biotic Stress
Biotic stress is caused by living components of the external and internal environment of plants. Crop losses due to pathogenic organisms may amount to billions of US dollars annually (Cocq et al., 2017) . The common and fastest method of plant disease control is by the use of chemicals and this has adverse effects on the ecosystem.
Endophytes have been found to confer some protection on their hosts against invading pathogens. Endophytic microbiome constitutes a part of larger soil microbial community and is susceptible to direct or indirect effect of agricultural practices: soil tillage, irrigation, use of pesticides and fertilizers has a major effect on function and structure of soil and endophytic microbial populations (Tamosiune et al., 2017) .
Fungi are responsible for most plant diseases (Idnurm and Meyer, 2014 (Rybakova et al., 2016) . Maize plants inoculated with endophytic Enterobacter aerogenes that produce volatile organic compounds showed enhanced resistance against the northern corn leaf blight caused by the fungus Setosphaeria turcica (D'Alessandro et al., 2014) . The endophytic Pseudomonas poae strain RE * 1-1-14 isolated from sugar beet roots was found to suppress the fungal pathogen, Rhizoctonia solani (Zachow et al., 2015) . Streptomyces SUK 06 produces antifungal activity against Fusarium solani, Aspergillus fumigatus, Pythium ultimum, Phytophthora erythroseptica and Geothrichum candidum (Ghadin et al., 2008) . In addition, a strain of Streptomyces mutabilis has been found useful in the control of the fungal pathogen, Fusarium culmorumin in wheat.
Information on the antiviral properties of endophytic bacteria is still scanty. The case of plant viruses is different from other pathogens because viruses are affected by the host plant metabolites as well as the outcome of the interaction between plant and insect vectors that transmit the viruses. Although with only few examples, endophytes protect their host plants against pathogenic viruses. For example, the barley yellow dwarf virus (BYDV) transmitted by aphids; alkaloids produced by endophytes repel aphids (Lehtonen et al., 2006) . Endophytic bacteria also have the capability of protecting plants against pathogenic bacteria. Research has shown that Streptomyces SUK 06 isolated from Thottea grandiflora has bactericidal effect on Bacillus subtilis, Pseudomonas aeruginosa, Bacillus cereus and Pleisiomonas shigelloides. In addition, there are reports on metabolites produced by some endophytic bacteria, which prevent the host plants from infection by nematodes (Hallmann et al., 1998) . Some metabolites produced by endophytes prevent the host plant from infection by insects (Azevedo et al., 2000) . During drought conditions, endophytes stimulate the production of more alkaloids, which confers protection against herbivory arising from insects and other arthropods. Because of this, there will be a reduction in insect population and consequently, a decrease in disease occurrence. Nodulisporic acids originally isolated from the endophyte Nodulisporium sp., from the plant Bontia daphnoides have insecticidal properties against blowfly larvae. This finding has prompted further research on sources of these acids (Demain, 2000) .
Bacterial Endophyte-Induced Plant Protection against Abiotic Stress
Inadequate nutrient supplies alter the growth, development and general physiology of the plant. In the case of drought, the plant suffers insufficient water availability caused by excessive loss of water and/or inadequate supplies, which can lead to toxic ion and unfavourable salinity and pH levels. Under water stress, photosynthesis, soluble proteins, dry weight and carotenoids tend to decrease in some plants that have low threshold for water stress. Prolonged water stress causes decline in leaf water potential and stomatal opening, reduces leaf size, suppresses root growth, reduces seed number, size and viability, delays flowering and fruiting, and limits plant growth and productivity (Xu et al., 2016) . Osmotic imbalance results from high salinity while post-optimal temperatures denature enzymes, making them inactive. On the other hand, extremely low temperatures retard metabolic activities. Accumulation of heavy metals causes a disruption of the normal metabolic pathways.
Apart from protecting plant from diseases, endophytes also help in the survival of plants under various environmental conditions. Experiments have shown that survival rate due to endophytes could be as high as six-fold compared to plants without endophytes. Endophytic microbes aid in plant health by deterring pathogenesis while also facilitating plant growth through nutrient uptake (modification of root morphology, alteration of nitrogen accumulation and metabolism), water-use efficiency (osmotic adjustment, stomatal regulation) and curtailing of environmental stresses. The endophytes, in return, obtain access to the host plant's nutrients and dissemination to the next generation. Endophyte-induced protection of host plant occurs by the endophytes enabling nutrient supplies, increasing salt and acidity tolerance (by removal of reactive oxygen species) and by increasing heat and heavy metal tolerance (Lata et al., 2018) . When temperatures increase, the host becomes more susceptible while viral populations increase, thereby increasing disease severity.
Mechanisms of Plant Protection by Endophytic Bacteria
Information on the mechanisms by which endophytes protect their host plants from invasion and colonization by pathogens is not yet definitive. However, results of previous in vitro studies point to two major ways; direct means (production of chemicals which kill or prevent pathogens) or indirectly, by inciting the host to defend itself by the several available mechanisms.
Direct Mechanism that Antagonizes Plant Pathogens
Production of antibiotics: Some secondary metabolites serve as antibacterial and antifungal agents against pathogens. Examples are alkaloids, terpenoids, phenolic substances, polypeptides and sesquiterpenes (Gunatilaka, 2006) . Several rhizosphere -inhabiting bacteria that often become endophytes, stimulate the production of these metabolites by their hosts while they themselves also produce some. Examples of such bacteria are species of Bacillus and Pseudomonas. A number of metabolites, particularly lipopeptides synthesized by non-ribosomal 170 peptide synthesizes, have been described to be important for rhizosphere bacteria for antibiosis and for inducing plant defense mechanisms.
Production of hydrolytic enzymes: The role of hydrolytic enzymes may be multifaceted, involving several mechanisms working together; the enzymes could kill the pathogen cells, trigger the strengthening of host cell wall to resist infections, or induce apoptosis. These mechanisms need further investigations. Hydrolytic enzymes disrupt the structural organization of the cell wall components, causing a degradation of the cell wall. Structural components of cell wall include cellulose, hemicelluloses, lignin, chitin and certain proteins. Therefore, endophytes produce enzymes which breakdown cell walls of fungal pathogens of the host plants, and by so doing, they suppress the growth and advancement of pathogen. Hydrolytic enzymes produced by Streptomyces enhance the resistance of cocoa plant to the witches' broom pathogen. Examples of hydrolytic enzymes are 1, 3-glucanases, chiti-nases and cellulases (Gao et al., 2010) .
Indirect Mechanisms That Improve Resistance of Host to Pathogens
Endophytes indirectly enhance the host resistance against invading pathogens by various ways. The resultant resistance mechanism could be structural or biochemical. Changes in the environment (like fluctuations in temperature and salinity as well as drought, heavy metal ions, UV light and presence of pathogen) can lead to stress in plants. Consequently, the plant responds in various ways among which are biochemical and structural (morphological) changes. Research over the years has shown that non-specific and specific resistance (Kloepper and Ryu, 2006; Kiraly et al., 2007) come into play. Mechanisms which endophytes increase host may group plant resistance as follows.
Production of metabolites: Specific resistance targets smaller number of pathogens or specific pathogens. Since endophytes behave like pathogens (except that endophytes do not elicit disease symptoms) by their activities such as stimulating the host plant to produce secondary metabolites (like phytoalexins) and triggering hypersensitive reactions (that lead to death of affected host cells in a bid to stop the spread of pathogen), they increase the host plant resistance to disease. Endophytes can ameliorate the effect of stress by reducing the expression of stress genes or by production of chemical substances that act to neutralize the effect of stress. For example, experimental Arthrobacter and Bacillus species isolated from pepper plant showed up-regulation and downregulation of stress-inducible genes compared with gene expression in uninoculated plants (Lata et al., 2018) . Alterations in the levels of 1-aminocyclopropanecarboxylate (ACC) by Pseudomonas can bring about heavy metal tolerance through changes in ethylene levels in plants.
Enzymatic activities: In addition, systemic acquired resistance (SAR) which is induced by presence of pathogen leads to accumulation of pathogenesis-related (PR) proteins and these proteins are made up of different enzymes such as peroxidases (Tian et al., 2008) . It is suggested that peroxidases could reduce damage from reactive oxygen species (ROS) which accompanies infection and high salinity and alkalinity levels; endophytes indirectly increase the levels of antioxidants which remove the ROS (Alquéres et al., 2010) . The ROS-scavenging enzymes are reported to be involved in the biological nitrogen fixation of Gluconacetobacter diazotrophicus and are essential for its successful colonization in endophytic rice roots (Alquéres et al., 2010) .
Accumulation of complex structural polymers: In response to the presence of endophyte, the host pant produces hydrolytic enzymes that release endophyte metabolites such as lipopolysaccharides, polysaccharides and glycoproteins; these endophyte metabolites in addition to host plant metabolites enhance plant defence against pathogen attack. Endophytes confer drought tolerance by accumulation of solutes in host plant tissues and by reducing transpiration. For instance, endophytes could induce formation of thick cuticle that minimizes loss of water.
Increased plant nutrition: The amount of iron available in the soil is usually limited. Therefore, the production of siderophores by an organism is of advantage because the siderophores chelate iron in the soil and form soluble complexes that the plants can absorb. More siderophores are produced when endophytes are present. In addition, siderophores are involved in plant protection as they deprive phytopathogens of iron by binding to the bioavailable forms of iron first (Aznar et al., 2015) . Some bacteria fix nitrogen for the host plant especially leaf-inhabiting bacteria. The nitrogen-fixing bacterium Paenibacillus polymyxa promotes growth in maize.
Control of growth and physiology of host plant:
Interactions between endophyte and host lead to the production of bioactive molecules (Heinig et al., 2013) such as growth regulatory hormones. Production of plant hormones may enhance or suppress plant growth depending on which one is advantageous to it in the presence of a pathogen. It has been demonstrated that endophytes promote growth of their host through the action of plant hormones produced by the endophytes (Abadi and Sepehri, 2015) . It could also be by other means such as nitrogen fixation, release of ions or mediation by enzymes. For example, ethylene, a plant growth suppressant is largely deactivated by certain deaminases, thereby indirectly promoting growth. When endophytes promote growth in their host, stress is significantly reduced. Piriformospora indica and Azotobacter chroococcum improve uptake of zinc in wheat (Abadi and Sepehri, 2015) . Nitrogen-fixing bacteria produce nutrients for the plant that aid plant growth.
Creation of ecological niche: After recognizing and colonizing their host, endophytes rapidly occupy ecological niche and leave no space for pathogens, which would be the common and main reason that endophytes inhibit pathogen infection in plant (Gao et al., 2010) . In the endophytic niche, endophytes feed on nutrients from the plants and prevent other organisms by outcompeting them. Moreover, there is increased production of lignin and other complex components of the cell wall aimed at regulating the growth of the endophyte so that it does not grow to the extent of being pathogenic; deposition of these complex materials in the cell wall reduces the ease of entry of pathogens.
Parasitism and predation: Another mechanism by which endophytes protect their hosts is to kill the pathogen outright (predation) or parasitize it by twisting, penetrating the hyphae of pathogen and secreting lyase to decompose cell wall of the pathogen (Gao et al., 2010) . This attribute of endophyte is exploited for the biological control of pathogens.
Global Gene Expression Studies in EndophyteInduced Plant Protection
In plant-pathogen interactions, phytopathogens have evolved astonishingly myriad invasion strategies to attack plants for food and shelter (Shittu et al., 2017) , while on the other end of the spectrum, host plants also deploy numerous structural and biochemical defence mechanisms to prevent or ameliorate the effects of phytopathogens (Shittu and Obiazikwor, 2018) . The outcome of such interactions leading to susceptibility, tolerance or resistance are determined by a well-coordinated level of up-or downregulations of defense genes, including pathogenesis related (PR) genes in host plants. One of the beneficial effects of an endophytic bacterium is the ability to offer protection to host plants against pathogen attack. The mechanism underlying such endophyte -induced plant protection lies in the expression of certain genes in host plants. Global gene expression analysis has revealed that endophytic microbes may stimulate plant growth and mobilize plant defenses that selectively target phytopathogens. In a study carried out by Shittu and coworkers (2009) , an up regulation of the genes for β-carotene hydroxylase, Rubisco and glutamyltRNA synthase indicated an increase in photosynthetic activity in endophyte-induced protected plants, which is likely to result in an increased vigor and a stronger resistance response against pathogen.
Endophytes that colonize plant vascular systems induce PR proteins (Van Loon, 2006) associated with SAR or SIR responses in plants (Tjamos et al., 2005) . In plant-pathogen interactions, one of the early responses of plants is frequent release of signaling molecules; salicylic acid (SA) and jasmonic acid (JA), which have been implicated to be involved in induction of defense gene expression (Mur et al., 2006; Vlot et al., 2009 ). The expression of such genes induces plant defence pathways, which makes the host to become more resistant to further pathogen attack (Ongena and Thonart, 2006; Van Loon and Bakker, 2006) , a phenomenon often referred to as induced systemic resistance (ISR). There are several reports on endophyteinduced gene expression leading to plant protection. An example is the endophytic action bacteria, which were isolated from wheat tissues that up-regulated defense genes like PR-1 and PR-4 of SAR as well as PDF1.2 and Hel genes of the jasmonic acid/ethylene (JA/ET) pathway in Arabidopsis thaliana (Conn et al., 2008) .
Whole Genome Sequencing in Endophyte Research
An interesting question that bothers a curious mind is 'of what importance is whole genome sequencing in endophyte research'? The results obtained from genomic dataset of endophytic bacterial strains are valuable repository of information that provides insights into the taxonomy, distribution, diversity, and lifestyle related genes of endophyte associated with host plants (Chaudhry et al., 2017) . Our understanding of the beneficial effects of endophytes in the crucial roles they play in plant growth, development, fitness, and protection (Taghavi et al., 2010; Truyens et al., 2014) has increased during the post-genomic era, which ushered in whole genome sequencing of several agriculturally important crop plants and microbes (Shittu, 2012) , including endophytes. The molecular basis underlying such interactions has been partially or fully elucidated. Structural and functional analysis of whole genome sequences reveal that bacterial endophytes possess genes that encode information required for their housekeeping machinery as well as growth under a range of favourable and unfavourable conditions, irrespective of the habitat of the host plants. In addition, their genomes also contain genes necessary to carry out endophytic life style and plant beneficial properties.
Burkholderia sp. strain KJ006, an endophytic bacterium associated with rice root bacterial strain benefits its host plant by providing plant growth substances and a broad range of antifungal activities but does not exhibit any symptoms related to pathogenicity (Cho et al., 2007) . An insight into the whole genome sequence of the strain (Kwak, 2012) revealed that the 6.6 Mb genome, consisting of three chromosomes and a single plasmid, contains several genes related to plant growth promotion and antimicrobial activities. Expression of such plant growth promotion genes, such as the accD gene, encoding 1-aminocyclopropane-1-carboxylate deaminase; the pqq operon for pyrroloquinoline quinone biosynthesis, and the nif gene cluster enhances growth. Strain KJ006 also contains the homoserine lactonase gene of Bacillus thuringiensis, whose expression represses the seedling rot disease caused by Burkholderia glumae (Cho et al., 2007) . It has also been discovered that the genome also harbors genes related to degradation of several kinds of aromatic pollutants (Perez-Pantoja et al., 2012) . A similar whole genome analysis report has been made on some endophytic Bacillus species having genes that enable them play important roles as a biocontrol agent against phytopathogens, stimulate plant growth, and also produce plant growth hormones such as auxin and gibberellin, as well as able to ameliorate drought stress (Forchetti et al., 2007) . Some endophytic bacteria whose genomes have been sequenced include: eleven endophytic bacteria isolated from Poison Ivy (Toxicodendron radicans) (Tran et al., 2015) , an endophytic bacterium Enterobacter sp. MR1, isolated from drought tolerant plant (Buteamonosperma) (Parakhia et al., 2014) and an endophytic bacterium isolated from poplar trees (Taghavi et al., 2009) .
Conclusions
Endophytic bacteria present in the internal tissues of a host plant live with the plant as it undergoes different developmental phases such as vegetative and reproductive stages, thereby posing as hidden companions of the host plant. This relationship offers the endophytic bacteria shelter and nutrient supply. In return, the host plant benefits from the endophyte by gaining protection against biotic and abiotic stresses that would otherwise hinder the host's proper physiological functioning. There is much to be gained from this relationship between endophytic bacteria and their host plants; this can be applied in the areas of agriculture, medicine, industry and environment, if properly harnessed.
